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ABSTRACT 

This  r e p o r t  d e s c r i b e s  a 1401 preprocessor  f o r  F l exowr i t e r  typed ALGOL 
The preprocessor  simul- programs employing an IBM 1011 paper t a p e  r eade r .  

tamously conve r t s  from paper t a p e  t o  punched ca rds  and t ransl i terates  
from r e f e r e n c e  language n o t a t i o n  t o  t h a t  of t h e  ALCOR-ILLINOIS 7090/94 
t r a n s l a t o r .  
t he reby  f a c i l i t a t i n g  exchange and implementation of ALGOL programs. 

This  e l i m i n a t e s  hand t r a n s l i t e r a t i o n  t o  i n d i v i d u a l  compilers  

The t r a n s l i t e r a t i o n  procedure i s  desc r ibed  as a model f o r  conversion 
t o  o t h e r  compilers .  
d i s t i n c t i o n  between upper and lower case a l p h a b e t i c  c h a r a c t e r s  are 
d i scussed .  Conventions are descr ibed i n  t h e  appendices.  

Schemes f o r  i n c r e a s i n g  t h e  c h a r a c t e r  set t o  a l low 
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The University of Maryland 1401 Transliteration Preprocessor for ALGOL 60 
to ALCOR-ILLINOIS 7090/94 Conversion 

I. Introduction 

As explained in the original and revised Algol 60 Reports (1,2), 
three different levels of language are recognized in the representation 
of an Algol program. The restrictions imposed on the character sets by 
a particular computer are usually overcome by accompanying the hardware 
representation by a special set of rules for transliterating from the 
reference language. This transliteration process, however, may incur 
a costly interface, unnecessarily requiring the time and effort of the 
programmer, This, in turn, seriously hinders the dissemination of 
programming advances expressed in Algol. 

This paper describes a project in which the transliteration process 
is minimized so that it may be accomplished by the typist without re- 
quiring pre-scanning by the programmer. This is achieved by use of a 
flexowriter on which the program is typed and a 1401 preprocessor program 
which produces the transliterated hardware language format on punched 
cards from the flexowriter paper tape. 

The hardware representation used at this Center is the Alcor-Illinois 
7090/94 translator. The Algol 60 to Alcor-Illinois transliteration 
scheme is listed in Appendix 1. 
able do not,qprovide for distinguishing between upper and lower case 
alphabetic characters, they have been designed to allow simple imple- 
mention of some of the schemes discussed in Section 111. 

Although the programs presently avail- 

1. Naur, P., et. al. Report on the Algorithic Language ALGOL 60 
Comm. ACM 5 (May 1960), 299-314 

2. - . Revised Report on the Algorithmic Language ALGOL 60. 
Corn. ACM 6 (Jan. 1963), 1-17. 
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11. T r a n s l i t e r a t i o n  Procedure 

Since most p u b l i c a t i o n  language r e p r e s e n t a t i o n s  p r e s e n t  only minor 
v a r i a t i o n s  from t h e  r e f e r e n c e  language format,  an at tempt  has  been 
made t o  t r a n s l i t e r a t e  from t h e  r e fe rence  language c h a r a c t e r  set. The 
l i m i t e d  f l e x o w r i t e r  c h a r a c t e r  set aga in  imposes r e s t r i c t i o n s  on char- 
acter a v a i l a b i l i t y .  However, t he  conventions followed i n  t r a n s l i t -  
e r a t i n g  from t h e  r e f e r e n c e  language t o  t h e  f l e x o w r i t e r  keyboard are 
of a format simple enough f o r  a t y p i s t  t o  fol low without  knowledge of 
t h e i r  s i g n i f i c a n c e .  The r u l e s  f o r  f l e x o w r i t e r  typing of r e f e r e n c e  
language programs appear i n  Appendix 2.  

The paper t a p e  produced by the f l e x o w r i t e r  i s  i n p u t  through an  
IBM 1011 Paper Tape Reader t o  an 8 K  s t o r a g e  IBM 1401 computer. The 
computer reads one r eco rd  as a b a s i c  u n i t  t o  be analyzed. A record 
i s  defined as a l l  t h o s e  c h a r a c t e r s  between two c a r r i a g e  r e t u r n s .  
There i s  no s i g n i f i c a n c e  t o  t h e  appearance of a c a r r i a g e  r e t u r n  
except  as a d e f i n i t i o n  of i n p u t  record l eng th .  The c a r r i a g e  r e t u r n  
may b e  typed w i t h i n  any word or  s e q u e n t i a l  c h a r a c t e r  code. 
record ( t o  be a maximum l e n g t h  of 999 f l e x o w r i t e r  punchings) is  read 
without  word marks i n t o  a c l ea red  area of s t o r a g e .  

The 

A l l  upper case c h a r a c t e r s  are set wi th  word marks and a l l  c a r r i a g e  
c o n t r o l  i n d i c a t o r s  are set t o  t h e  same unique c h a r a c t e r .  The word- 
marked t e x t  i s  then scanned and a l l  t h e  upper case (word-marked) 
c h a r a c t e r s  are converted t o  t h e i r  unique r e p r e s e n t a t i o n s  wi th  t h e  
word marks removed. This  is accomplished by a linear s e a r c h  of a 
t a b l e  con ta in ing  t h e  lower case c h a r a c t e r s  and t h e i r  upper case 
correspondences.  The t a b l e  i s  arranged i n  o r d e r  of expected char- 
acter frequency s o  t h a t  t h e  m a j o r i t y  of lower t o  upper case con- 
v e r s i o n s  are made a f t e r  only t h r e e  comparisons. 

The new a r r a y  of c h a r a c t e r s  i s  then rescanned t o  compress i t  s o  
t h a t  a l l  over-typed c h a r a c t e r s  (e.g.  underl ined words) are word- 
marked and a l l  c o n t r o l  c h a r a c t e r s  (e.g. backspace,  upper case )  are 
d e l e t e d .  
t h e  underl ined c h a r a c t e r  is word-marked; s i m i l a r l y ,  f o r  l e f t  and r i g h t  
s t r i n g  quo tes ,  t h e  p a r e n t h e s i s  i s  word-marked. Any o t h e r  c h a r a c t e r  
may have e i t h e r  member word-marked t o  r e p r e s e n t  t h e  m u l t i p l e  char- 
a c t e r ,  as each word-marked s p e c i a l  c h a r a c t e r  has  a unique i n t e r -  
p r e t a t i o n .  
t r e a t e d  as underl ined c h a r a c t e r s  and ou tpu t  according t o  t h e  Alcor 
hardware convention, enclosed by apostrophes.  

I f  one of t h e  two overtyped c h a r a c t e r s  i s  an unde r l ine ,  

Those f o r  which t h e r e  i s  no proper  i n t e r p r e t a t i o n  are 

Those c h a r a c t e r s  which are considered t o  be underl ined are 
t r e a t e d  by a scanning subsec t ion  which sea rches  f o r  a p a r t i c u l a r  end 
c h a r a c t e r  i n  t h e  s t r i n g  of underlined c h a r a c t e r s  which corresponckto 
t h e  f i r s t  non-blank c h a r a c t e r  of t h e  s t r i n g .  
s e a r c h  f o r  the e ~ d i n g  of a p a r t i c u l a r  Algol word symbol which is 
presumed t o  have been intended,  judging from tne initial z h r a c t e r s  
of t h e  underl ined s t r i n g .  For  example, i f  t h e  underl ined s t r i n g  
begins  w i t h  a "B", t h e  s t r i n g  i s  searched f o r  an "N", presuming t h a t  
e i t h e r  "BEGIN" o r  "BOOLEAN" was intended 

I n  t h i s  manner w e  

Upon encounter ing t h e  "N" , 
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t h e  s t r i n g  i s  assummed terminated and any remaining unde r l ined  char- 
acters of t h e  s t r i n g  are t r e a t e d  a s  an e n t i r e l y  s e p a r a t e  s t r i n g .  
S i m i l a r l y ,  i f  t h e  s t r i n g  begins  with a "TH", a t e r m i n a l  "N" i s  sought 
("THEN"?); i f  t h e  s t r i n g  beg ins  with a "TR" , a t e rmina l  "E" i s  sought 
("TRUE"?) . 

I n  a d d i t i o n  t o  t h e  overtyped and underl ined c h a r a c t e r s ,  t h e  typing 
conventions use c e r t a i n  sets of s e q u e n t i a l  c h a r a c t e r s  t o  r e p r e s e n t  
p a r t i c u l a r  Algol symbols (e.g. "=> I '  r e p r e s e n t s  ''3'1 ). The t e x t  i s  
sdanned f o r  t h e s e  p a r t i c u l a r  sequences whenever t h e  f i r s t  member of 
a p o s s i b l e  sequence is encountered. These p r e s c r i b e d  sequences of 
c h a r a c t e r s  may of cour se  be separated by blanks and c a r r i a g e  r e t u r n s  
and s t i l l  r e s u l t  i n  t h e  proper  i n t e r p r e t a t i o n .  

Once a l l  t h e  unde r l ined ,  overtyped and s e q u e n t i a l  c h a r a c t e r s  of 
one record have been recognized and transformed, t h e  c h a r a c t e r s  are 
ou tpu t  72 c h a r a c t e r s  a t  a t i m e  i n t o  t h e  punch area and ou tpu t .  I f  
t h e  ou tpu t  exceeds 72  c h a r a c t e r s ,  t h e  remaining c h a r a c t e r s  are out- 
pu t  on succeeding c a r d s ,  each card having t h e  same number of l ead ing  
b l anks  as t h e  f i r s t  f o r  t h a t  record.  

1 

The program then  r e p e a t s  the p rocess ,  c l e a r i n g  s t o r a g e  and read- 
i n g  succeeding paper t a p e  records.  The processing ends when t h e  
r e a d e r  runs ou t  of paper t ape .  
t e rmina t ion  messages are p r i n t e d  and t h e  number of c a r d s  ou tpu t  i s  
i n d i c a t e d .  

After t h i s  l a s t  r eco rd  i s  transformed, 
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111. Upper and Lower Case Alphabetic D i s t i n c r i o n  

There are b a s i c a l l y  two forms of s o l u t i o n  t o  t h e  problem of upper/  
lower c a s e  d i s t i n c t i o n  of a l p h a b e t i c  c h a r a c t e r s .  The f i r s t  a l lows 
t h e  f a c i l i t y  by providing a d d i t i o n a l  r e s t r i c t i o n s  o r  prescanning. The 
second r e q u i r e s  a n a l y s i s  of t h e  program content  and s t r u c t u r e  wi th  t h e  
a i m  of e s t a b l i s h i n g  symbol t a b l e s  t o  a l low c r e a t i o n  of replacement 
symbols. 

Among t h e  former schemes i s  t h e  c a p i t a l  replacement procedure.  
This  method r e p l a c e s  every occurrence of a p a r t i c u l a r  upper case 
c h a r a c t e r  w i th  some o t h e r  c h a r a c t e r ,  both of which are des igna ted  
on one o r  more c o n t r o l  ca rds  t o  be read as d a t a  a t  t h e  beginning of 
every job .  Thus, i f  a program u s e s  "a" as an index and "A" as a 
sum, b u t  nowhere i n  t h e  program u s e s  t h e  symbol l'x'' o r  "X", one may 
r e p l a c e  a l l  " A l r l s  w i th  ' 'X ' ' Is .  Implementation i s  accomplished by 
adding t h e  let ters and t h e i r  corresponding replacements t o  t h e  t a b l e  
of upper case replacement c h a r a c t e r s .  The change from "A" t o  "X" i s  
the reby  accomplished i n  t h e  i n i t i a l  scanning of t h e  text .  It i s  one 
of t h e  most e a s i l y  implemented of schemes. 

S i m i l a r  procedures may e i t h e r  precede every "A" by an "XI', auto- 
m a t i c a l l y  double  every upper case c h a r a c t e r  (e.g.  from "A" t o  "AA") , 
o r  p r e f i x  every upper case c h a r a c t e r  w i th  some o t h e r  c h a r a c t e r  w i th  
t h e  predetermined r e s t r i c t i o n  t h a t  t h i s  l a t te r  c h a r a c t e r  n o t  appear 
elsewhere i n  t h e  program. A l l  of t h e s e  techniques (except  t h e  las t )  
r e q u i r e  t h a t  t h e  t e x t  be prescanned t o  determine t h e  proper  replace-  
ment c h a r a c t e r  o r  t o  judge if t h e  proposed scheme is  adequate.  
l a s t  procedure r e s t r i c t s  t h e  o r i g i n a l  program t o  one less a l p h a b e t i c  
c h a r a c t e r .  One thereby g a i n s  one Algol c h a r a c t e r  se t  f e a t u r e  a t  t h e  
loss of o t h e r  c h a r a c t e r  se t  g e n e r a l i t i e s .  

The 

The a l t e r n a t e  procedures  t h a t  r e q u i r e  syn tax  a n a l y s i s  of t h e  
program con ten t  t o  e s t a b l i s h  symbol t a b l e s ,  produces d i f f i c u l t i e s  
which cannot be considered w i t h i n  t h e  framework of t h e  c u r r e n t  pro- 
grams. 
d u p l i c a t e  t h e  procedures o f  t he  b a s i c  hardware compiler.  It seems 
unreasonable  t o  p repa re  such e l a b o r a t e  p rep rocesso r s  t o  accomplish 
t h e  i n i t i a l  t r a n s l i t e r a t i o n .  The i n p u t  programs are g e n e r a l l y  n o t  
of such complexity as t o  j u s t i f y  t h i s  kind of a n a l y s i s .  

I n  e s sence ,  such syntax a n a l y s i s  on t h e  o r i g i n a l  i n p u t  s t r i n g s  
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IV. Five Channel ALCOR Convention Paper Tape Conversion 

Following the conventions described in ALCOR Group Representation 
of ALGOL Symbols (Comm. ACM 6 (1963), 5 9 7 ;  corrected Comm. ACM 7 
(1964), l89), a 5-channel paper tape to punched card conversion pre- 
processor has been prepared. It assumes the same machine configuration 
described in Appendix 4 .  

There are no provisions for upper/lower case alphabetic char- 

The only pro- 
acter distinction as the standard 5-channel teletype convention 
precludes such multiple character representations. 
grammed restriction is that the typed members of the assignment sym- 
bol (:=) may not be separated by a carriage return. 

The conventions adopted are reproduced in Appendix 5. 

, 
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A p p e n d i x  1 

ALGOL 60 t o  ALCOR - ILLINOIS  7090/7094 T r a n s l i t e r a t i o n  S c h e m e  

R e f e r e n c e  L a n g u a g e  Symbol 

=to 
if - 
then - 
e lse  

f o r  

- 
- 
do - 
s t e p  

u n t i l  - 
c omen t 

begin 

end - 

B o o  lean 

i n t e g e r  

rea l  - 
array 

s w i t c h  

procedure 

string, 

label - 
value 

H a r d w a r e  R e p r e s e n t a t i o n  

'GO TO' 

' IF' 

'THEN' 

'ELSE' 

FOR' 

'DO' 

'STEP'  

'UNTIL' 

' COMMENT ' 
'BEGIN' 

'END' 

'OWN' 

BOOLEAN 

' INTEGER ' 
' REAL, ' 
'ARRAY ' 
' SWITCH ' 
'PROCEDURE' 

' STRING' 

'LABEL' 

' VALUE ' 
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Appendix 1 (Continued) 

Reference 
- Language 

Hardware 
Desc r ip t ion  Represen ta t ion  

¶ c omma 
decimal po in t  

¶ 

base 10 I 10 

c o l o n  
s emico lon 

.. 
* ¶  

Y 

.- .- 
i# o r  b 

- .- assignment symbol 
blank space 

( 
1 

l e f t  p a r e n t h e s i s  
r i g h t  pa ren t  he s i s  

l e f t  b racke t  (1 
r i g  h t  b racke t  1 )  

' ( I  

'1' 
l e f t  s t r i n g  quote 
r i g h t  s t r i n g  quote 

+ - p l u s  
minus 

+ - 
x 
I 

mu 1 t i p 1 i c  a t  ion  
d i v i s i o n  

* 
I 

- 
T 

I1 i n t e g e r  d i v i s i o n  
exponen t i a t ion  'POWER' 

less than  'LESS' 
less  than  o r  equa l  t o  'NOT GREATER' 

equa l  t o  ' EQUAL ' 
g r e a t e r  than o r  equa l  t o  'NOT LESS' 

> 
f 

g r e a t e r  than 
n o t  equa l  t o  

GREATER 
'NOT EQUAL' 

P, 
3 

1 og ica 1 e qu i v a  1 en t 
l o g i c a l  i m p l i e s  ' IMPL' 

EQUIV' 

V 
h 

l o g i c a l  o r  
l o g i c a l  and 

' OR' 
'AND' 

l o g i c a l  nega t ion  'NOT I 
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I. Spec ia l  Charac te rs  

Charac t e r  

i ( i n t e g e r  d i v i s i o n )  

# (no t  equa l )  

t ( l e f t  s t r i n g  quote) 

a ( r i g h t  s t r i n g  quote) 

A ( l o g i c a l  and) 

V ( l o g i c a l  o r )  

7 ( l o g i c a l  negat ion)  

(less than  o r  equal  t o )  

( g r e a t e r  than  o r  equa l  t o )  r 
X ( m u l t i p l i c a t i o n )  

( blank)  

3 ( l o g i c a l  imp l i ca t ion )  

- = ( l o g i c a l  equivalence)  

To B e  Typed As 

and 

and 

and 

and 

and 

and 

and 

and 

and 

ove r t y pe d 

over  typed 

over  typed 

o ve r t y pe  d 

o ve r typed 

o v e r t  y p ed 

over  typed 

overtyped 

ove r t y ped 

= and > fol lowing 

<=> < and = and > fol lowing 

11. boldface A l l  boldface words are t o  be underl ined.  boldface 

111. General I n s t r u c t i o n s  

1. A l l  over typing and unde r l in ing  of c h a r a c t e r s  i s  t o  be 
accomplished by use of t h e  backspace. The o r d e r  i n  
which the  cha rac t e r s  are t o  be typed i s  immaterial. 
The only cri teria i s  t h a t  t he  re read  t a p e  produce the  
proper  f l e x o w r i t e r  typed page. 

2 .  A l l  r ipe  feed and s t o p  codes w i l l  be ignored by t h e  
processor  and may t h e r e f o r e  be cyped a t  the  d i s c r e t i o n  
of t h e  t y p i s t .  
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Appendix 3 

IBM 1011-Flexowriter Decoding Scheme 

Tape punchings Keyboard 
87654f321 
00 . 0 

00 . 0 
000 . 00 
00 .o 
000 .o 0 
000 .oo 
00 .ooo 
00 0. 

0000. 0 
0 0 .  0 

0 0 . 0  

0 . 00 
0 0 .o 
0 .o 0 
0 .oo 
0 0 .ooo 
0 00. 

0 0. 0 

00 . 0 
0 . 00 
00 .o 
0 .o 0 
0 .oo 
00 .ooo 
000. 

0 0. 0 

. o  

. o  
0 . 00 

.o 
0 .o 0 
0 .oo 

.ooo 
0. 

00. 0 

0 .  

0 .  

000 . 
0 00. 00 
000. 00 

00 0. 00 

00 0 

0 0. 0 

0 

0000.000 

0000.0 

0000. 0 

0 .  

000.00 

7 1 10 
8 1 '  
9 / (  
0 1 )  
- 1 -  
; I :  
* / I  
¶ / <  . / >  
I / ?  
Backspace 
Carr. Return 
Tape Feed 
Upper Case 
Lower Case 
Space 
Tab Stop 
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Decode 
E x i t  

Hubs - 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 

R 
S 
T 
U 
v 
W 
X 
Y 
Z 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 

Q 

- 
& 
$ 

1 
P13 
EOL 
TF 
EI 
SP1 
SP 
SP 

Encode Hubs 

A BA 1 
B BA 2 
C CBA 21 
D BA 4 
E CBA 4 1 
F CBA 42 
G BA 421 
H BA 8 
I CBA 8 1 
J CB 1 
K CB 2 
L B 21 
M CB 4 
N B 4 1  
0 B 42 
P CB 421 
Q CB 8 
R B 8 1  
S C A  2 
T A 21 
U C A  4 
V A 4 1  
W 
X C A 421 
Y C A 8  
Z A 8  1 
1 1 
2 2 
3 c  21 
4 4 
5 c 4 1  
6 C 42 
7 421 
8 8 
9 C B  1 
0 C 8 2  

B 
; C B  842 
* B 84 
, C A 8 2 1  

BA 8 21 
/ C A  1 
8 A 8421 
EnR CBA 8421 
( d a t a  o m i t )  
= C A 8 4 1  

B 8 2  
SP c 
SP c 

A 42 

- 

1 



.. 

Appendix 4 

Machine Configurat ion 

I B M  101 1 Paper Tape Reader 

IBM 1401-03 
8K Storage* 
S p e c i a l  f e a t u r e s :  

Indexing 
High- Low- Equa 1 Compare 
S t o r e  Address Reg i s t e r  I n s t r u c t i o n s  

F r iden  F lexowr i t e r  Model SPD 

* The program r e q u i r e s  3598 l o c a t i o n s  plus  2 a d d i t i o n a l  
s t o r a g e  areas f o r  t h e  c h a r a c t e r  i n p u t  and a n a l y s i s .  The 
c u r r e n t  program ass igns  t h e s e  areas a t  l o c a t i o n s  4000 and 
5000 r e s p e c t i v e l y .  I f  t h e  assignments are made a t  3600 and 
3800 r e s p e c t i v e l y  (with t h e  r e s t r i c t i o n  of less than  200 
inpu t  c h a r a c t e r s  p e r  r eco rd ) ,  a 4K s t o r a g e  1401 computer i s  
adequate.  

-10- 



C .  

App?ndix 5 

ALCOR Group 5-Channel Paper Tape Convention 

The fol lowing i s  reproduced from Comunica t ions  of t h e  
A.C.M. 6(1963), 598. 

, 

- 11 - 


